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Description 

The invention relates to the preparation of three-di- 
mensional models from tomographic or CAD/CAM data 
wherein the models include one or more elements or 
portions which have a distinct colour from other ele- 
ments or portions in the model or which have a distinct 
texture, resilience orothertactile characteristic from oth- 
er elements in the model. 

Several methods and apparatus have been devel- 
oped for the production of three-dimensional objects or 
models by irradiation of compositions which crosslink 
and solidify upon irradiation. U.S. Patents 4,041,476 
and 4,228,861 to Swainson describe the formation of 
three-dimensional objects by solidifying each point indi- 
vidually by scanning a volume point by point with inter- 
secting beams of radiation. The Swainson methods are 
complex and expensive. 

U.S. Patent 4.575,330 to Hull describes a method 
for preparing three-dimensional objects by building up 
successive thin layers of a solidified photopoiymerizable 
composition. This method has become known as ster- 
eollthography. In one embodiment described in the Hull 
patent, a three-dimensional object is constructed by es- 
tablishing a thin layer of a photocurable composition on 
the surface of a platform Immersed In a bath of the com- 
position and scanning the layer wrth a laser beam. The 
laser controls the X, Y dimension of the model. The Z 
dimension is controlled by incrementally lowering the 
platform to greater and greater depths after each suc- 
cessive layer corresponding to a cross-section of the 
model is polymerized or crosslinked. 

WO-A-9010254 discloses a method of producing 
an object with differently coloured parts, by fomiing 
complete layers in baths of differently coloured photo- 
curable compositions. The colour of every portion within 
the layer is the same throughout that layer. 

Another method for producing three-dimensional 
objects is described in US Patent 4 940 412 to Blumen- 
thal which discloses a method In which hard copy imag- 
es having transparent and opaque portions are used as 
a mask in a photographic process to produce layers 
which are subsequently stacked-and attached to pro- 
duce a three-dimensional object. 

Models prepared previously by the foregoing proc- 
ess methods have been essentially homogeneous in 
colour and texture. The present inventors have now 
found a way to prepare models in which selected ele- 
ments can be distinctly coloured or endowed with a dis- 
tinct texture, resilience or other tactile characteristic. 

In accordance with a first aspect of the present in- 
vention there Is provided a method for producing a 
three-dimensional object, comprising the steps of: 

a. providing a film of a photohardenable composi- 
tion containing a photo responsive agent, 

b. forming a cross-sectional pattern of said object 
by irradiating said film In a pattem corresponding to 



the said cross-sectional pattern, 

c. repeating said steps a and b to form successive 
adjacent cross-sectional patterns of said object, 
and 

d. Integrating said cross-sectional patterns together 
to provide said object, 

characterized in that the object formed has select- 
ed elements which are coloured differently from other 
elements of said object, the method further comprising 
an additional step of selectively irradiating one or more 
portions of said cross-sectional pattern corresponding 
to said selected elements which are desired to be col- 
oured differently with radiation which activates said pho- 
toresponslve agent, said photoresponslve agent there- 
by producing colour in or removing colour from said se- 
lected irradiated portions of said cross-sectional pattern, 
said additional step being carried out In between steps 
a and c, said step c further comprising repeating said 
additional step. 

In a second and alternative aspect of the invention, 
there is provided a method for producing a three-dimen- 
sional object, comprising the steps of: 

a. providing a film of a photohardenable composi- 
tion, 

b. forming a cross-sectional pattern of said object 
by irradiating said film in a pattern corresponding to 
the said cross-sectional pattern, 

c. repeating said steps a and b to form successive 
adjacent cross-sectional patterns of said object, 
and 

d. integrating said cross-sectional patterns together 
to provide said object, 

characterized In that the object formed has select- 
ed elements which are coloured differently from other 
elements of said object, the method further comprising 
an additional step of depositing a dye on one or more 
portions of said cross-sectional pattern corresponding 
to said selected elements which are desired to be col- 
oured differently, said additional step being carried out 
In between steps a and b or in between steps b and c, 
said step c further comprising repeating said additional 
step. 

According to a third alternative aspect thereof, the 
Invention provides a method for producing a three-di- 
mensional object, the method comprising the steps of: 

a. providing a film of a composition which Is photo- 
hardenable, 

b. forming a cross-sectional pattern of said object 
by irradiating said film in a pattern corresponding to 
the said cross-sectional pattern, 

c. repeating said steps a and b to form successive 
adjacent cross-sectional patterns of said object, 
and 

d. Integrating said cross-sectional patterns together 
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to provide said object, 

cliaracterized in tliat the object formed has select- 
ed elements which have tactile characteristics different 
from those of other elements of said object, the method 
further comprising an additional step of altering the tac- 
tile characteristics of one or more portions of said 
formed cross-sectional pattern, which portion(s) corre- 
spond to said selected elements by irradiating said por- 
tion(s) with radiation to which a photoresponsive agent 
in said composition is responsive to cause an alteration 
in tactile characteristics, said additional step being car- 
ried out in between steps a and c, said step c further 
comprising repeating said additional step, 
and 

e. integrating said cross-sectional patterns together 
to provide said object. 

Thus it will be seen that three-dimensional objects 
having distinctly coloured elements or elements having 
a distinct tactile characteristic can now readi-ly be pre- 
pared. In preferred arrangements, the three-dimension- 
al objects are prepared by stereolithography. 

In one embodiment, photoresponsive agents are in- 
corporated into the photohardenable composition. As 
each lamina of the object is formed, the lamina is 
scanned with radiation which selectively addresses the 
photoresponsive agent to cause the agent to bleach, 
colourize, or alter the tactile characteristic of a portion 
of the model. Scanning to alter the colour or tactile char- 
acteristic can be conducted before, during or after the 
exposure which forms the lamina. 

In another embodiment, a combination of photob- 
leachable photoinitiators is used to harden the photo- 
hardenable layer. The radiation which is used to harden 
a preselected portion of the model Is selected based up- 
on the colour which is desired in that portion of the mod- 
el. That is, by selecting a radiation which bleaches one 
of the photoinitiators in the photohardenable composi- 
tion, the photohardenable composition will be hardened 
by radicals or other reactive species generated by the 
bleached photoinitiator while the unbleached photoiniti- 
ator colors the layer in the hardened area. In other por- 
tions of the model in which another color is desired, the 
photohardenable layer is hardened by exposure to ra- 
diation which bleaches another of the photoinitiators 
causing it to harden the layer while the remaining pho- 
toinjtiator(s) color the layer. 

In another embodiment, substantially colorless 
color formers are microencapsulated in a photodecom- 
posable composition or they are incorporated into a pho- 
tosoftenable composition and fomned into microparti- 
cles. These agents are incorporated into the photohard- 
enable composition. After or simultaneously with irradi- 
ation of the photohardenable layer, the microcapsules 
or microparticles are selectively irradiated at a distinct 
wavelength to cause them to decompose, rupture or 



otherwis release the contained color former. The color 
former reacts with the photopolymer or other agents in 
the composition to color the color former and hence 
color a portion of the model. 

In still another embodiment ink jet or similar tech- 
niques are used to selectively deposit reactive or non- 
reactive dyes in those portions of a cross-sectional layer 
in which color is desired such that the dye becomes re- 
acted Into or entrapped within the layer as the layer is 
hardened. 

The term "tactile characteristic" is used herein to 
mean texture, resilience, elasticity, hardness, etc. 

The term 'element" is used herein to mean any por- 
tion of a model such as a tumor within a model of a brain 
or a ligament within a model of a knee. 

The term "X-Y layer" refers to a single cross-section 
or lamina of a three dimensional object which is individ- 
ually scanned or otherwise irradiated and stacked to 
form a three-dimensional object. 

While the invention will be particularly described 
with respect to its use in conjunction with stereolithog- 
raphy, those skilled in the art will appreciate that the 
teachings herein can also be used to modify other proc- 
esses for producing three-dimensional objects such as 
those described In the aforementioned patent to Blu- 
menthal. 

Our methods will also be described with reference 
to processes in which the color-determinative or tactile 
characteristic determinative irradiation step is conduct- 
ed after the cross-sectional pattern is exposed. Those 
skilled in the art will appreciate that the former step may 
be conducted before, after or simultaneously with the 
latter step. 

In accordance with one embodiment a photochro- 
mic material Is incorporated into the photohardenable 
composition. The photochromic material may be a pho- 
tob teachable dye or a colorless dye which is colored by 
exposure to radiation. After scanning each X-Y layer to 
harden it, the layer may be scanned or otherwise irradi- 
ated to color selected areas of the layer and, hence, se- 
lected elements of the three-dimensional object when 
the X-Y layers are stacked. In stereolithographic proc- 
esses, the layers are stacked automatically as the plat- 
form is lowered in the Z-dimension. In the Blumenthal 
process, the layers are stacked mechanically In the 
case of a photohardenable composition containing a 
photobleachable dye, the X-Y layer is subsequently ex- 
posed in those selected areas in which color is not de- 
sired. In the case of a photocolorable agent, those areas 
of the X-Y Layer in which color is desired are subse- 
quently exposed. The photochromic agent cannot re- 
spond to the radiation which Is used to harden the X-Y 
layer. Otherwise, the agent will be colored or bleached 
as the layer is hardened. Accordingly, a photochromic 
material is selected which is sensitive at wavelengths 
which are distinct from the wavelength of radiation used 
to harden th X-Y layer In this manner, by subsequently 
irradiating those portions of the X-Y layer in which color 
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is desired or not desired, colored elements can be 
formed in the three dimensional object. 

Examples of photobleachable dyes useful in the 
aforementioned method are well known per se and In- 
clude merocyanine transformations of the benzospiro- 
pyrans described in U.S. Application Serial No. 
07/649, 1 00 filed February 1 , 1 991 . 

The aforementioned photochromic agents will be 
used in amounts which impart the desired color density 
to the model. A typical photohardenable composition 
may contain about .02 to 1 part of the photochromic dye 
per 100 parts monomer. 

Examples of photocolorable dyes useful in the 
aforementioned method are also well known Jger se and 
include the benzospiropyrans described in U.S. Appli- 
cation Serial No. 07/649,100 filed February 1, 1991. 

Another embodiment utilizes diazo chemistry. A 
photocurable X-Y layer containing a monomer, a diazo 
compound and a photolnitlator is irradiated with visible 
light to harden it in those areas corresponding to the sol- 
Id areas of the three-dimensional object. After each X- 
Y layer is formed, those portions of the X-Y layer in 
which color is not desired are irradiated with ultraviolet 
radiation. The X-Y layer is then treated with ammonia 
vapor analogous to treatments used in blueprinting to 
selectively color the unirradiated areas. 

Diazo compounds useful in this example of the 
method are well known per se and include those com- 
pounds used in conventional blue printing. The ammo- 
nia gas treatment can be carried out by conducting irra- 
diation in a chamber which can be flooded with ammonia 
gas folloiwng exposure. 

In another arrangement, microcapsules or micro- 
particles containing colour formers or colour precursors 
are prepared. The walls of the microcapsules may be 
formed from a photodecomposable wall-forming poly- 
mer as described In Japanese patent publication 
52-34488 (Septembers, 1977). Alternatively photosof- 
tenable microparticles may be formed from photosoften- 
able compositions as described in U.S. Patent 
4,788, 1 25; or the color former may be microencapsulat- 
ed with a photodecomposable agent that ruptures the 
microcapsule wall as described in Japanese Publication 
44-17733 (August 4, 1969). By incorporating the color 
former Into a photosensitive microcapsule or a photo- 
sensitive microparticle as described in the aforemen- 
tioned references, a color former which would otherwise 
not be photoresponsive is rendered photoresponsive. 
By exposing the microcapsule or microparticle to actinic 
radiation after hardening the X-Y layer, the wall of the 
capsule or the particle decomposes and the color former 
is released. As in the case of the photochromic agents, 
the sensitivity of the microcapsules or microparticles 
must be distinct from that of the photohardenable com- 
position such that the color precursor can be selectively 
released independent of the hardening of the X-Y layer. 

In a more specific embodiment, the photohardena- 
ble composition may contain multiple sets of microcap- 



sules of microparticles which individually contain differ- 
ent color formers. For example, three sets of microcap- 
sules or microparticles respectively containing cyan, 
magenta and yellow color fomn rs may b us d to pro- 
s duce models having elements individually colored any 
number of different colors or which may be colored an 
authentic color. For example, microcapsules or micro- 
particles can be prepared which will decompose or sof- 
ten upon exposure to distinct bands of radiation. After 
hardening the X-Y layer, the cyan, magenta and yellow 
microcapsules or microparticles can be selectively ex- 
posed to distinct bands of radiation in selected areas of 
the X-Y layer in order to produce a desired color in a 
desired portion of the X-Y layer. For example, in those 
portions of the X-Y layer which are within elements in 
which a yellow color is desired, the layer would be ex- 
posed to radiation which decomposes the yellow color 
former-containing microcapsules or microparticles. This 
portion of the X-Y layer would not be exposed to radia- 
tion which decomposes the cyan-containing or magen- 
ta-containing microcapsules or microparticles. At the 
same time, in those areas of the X-Y layer correspond- 
ing to elements in which red is desired, the layer would 
be exposed to radiation which decomposes the magen- 
ta-containing and yellow-containing microcapsules or 
microparticles without exposing those areas to radiation 
which decomposes the cyan-containing microcapsules 
or microparticles. 

Color fomiers are essentially colorless compounds. 
Typically they are colored by reaction with an acid or a 
base. Accordingly, to color the color former released 
from the microcapsule or microparticle, an acid or basic 
compound must be incorporated in the photohardena- 
ble composition. Alternatively, where the polymer 
formed is acid or basic, it by function as a developer for 
the color former. 

Useful examples of color formers are well known 
per se and can be found in U.S. Patent 4, 399,209 

In another arrangement, the photohardenable com- 
position contains a combination of two or more photob- 
leachable initiators. In this arrangement, the X-Y layer 
can be selectively coloured by subtracting out colour 
from the layer as the X-Y layer is formed. In this case, 
the X-Y layer is not uniformly exposed to the same 
wavelength of radiation in order to harden it. Rather, 
each portion of the layer is exposed to a wavelength se- 
lected based upon the colour which Is desired in that 
particular portion of the X-Y layer. In one manifestation 
of this, a combination of cyan, magenta and yellow pho- 
tobleachable initiators is used. These photoinltiators 
bleach as they initiate polymerization. In one class of 
photobleachable initiators, polymerization is initiated by 
a reductive electron transfer (Chesneau and Neckers, 
J. Photochem . 42, 269 (1988)) which produces the ini- 
tiating radical intermediate and, in the process, the pho- 
toinltiators lose their colour. 

A subtraetiv color separation model for the forma- 
tion of a three-dimensional object in authentic color is 



IS 



20 



2S 



30 



3S 



40 



45 



SO 



4 



7 



EP 0 535 984 B1 



thus possible. A monomer mixture containing cyan, ma- 
genta and yellow photoinitiator dyes which bleach as 
they form photopolymer is prepared. Their absorptions 
must be carefully matched such that they can be Indi- 
vidually activated and bleached. Initiation is triggered by 
radiation tuned to the respective cyan, magenta or yel- 
low absorbing wavelength. Computer input controls the 
wavelength, power and duration of the irradiation step 
to thereby control not only the formation of the X-Y layer 
but also the color of each portion thereof. For example, 
if initiation is triggered by the yellow absorbing 

Examples of other reactive dyes which can be used 
include any dye which is modified to include a vinyl 
group. Examples of non-reactive dyes are readily avail- 
able in the art. 

From the standpoint of producing selective colora- 
tion, the composition of the photohardenable composi- 
tion is not particularly critical. Examples of monomers, 
oligomers, and photoinitiators useful in photohardena- 
ble compositions are described in European publication 
No. 0 393 672 to DuPont and U.S. Patent 4,575,330. to 
Hull. 

In a further arrangement, tactile characteristics of 
selected portions of the three-dimensional model are 
modified. In this arrangement, the degree of crosslinking 
is increased in selected areas of the X-Y layer to pro- 
duce a tactile difference. One of the principal applica- 
tions is in the preparation of three-dimensional anatom- 
ical models. It would be desirable in preparing these 
models to alter the tactile characteristics of certain por- 
tions of the model so as to mimic the difference touch, 
texture or resilience of various anatomical features. For 
example, in preparing a model of the knee, it would be 
desirable to form the bone of a highly crosslinked es- 
sentially Inelastic polymer and to form the ligaments 
from a more elastic polymer 

One technique for imparting different tactile charac- 
teristics to the model is to irradiate the X-Y layer to pro- 
duce a first level of crosslinking in the polymer forming 
the layer. Subsequently, additional crosslinking can be 
introduced into selected portions of the layer by addi- 
tional exposure. Alternatively, differences in the degree 
of crosslinking which result in different tactile character- 
istics may be produced by modulating the intensity of 
the laser beam as the X-Y layer is scanned. 

One possible chemistry for use in achieving tactile 
differences through adjusting degree of crosslinking Is 
based on oxime acrylates and is described In detail in 
Kumar, G.S., and Neckers, D.C., "Laser-induced Three 
Dimensional Photopolymerization Using Visible Initia- 
tors and UV Cross-Linking by Photosensitive Mono- 
mers" Macroiriolecules VoL 24, No. 15, p 4322 (1991). 
Oxime acrylates have absorption maxima in the UV 
range. The paper describes a study of photopolymeri- 
zation of oxime acrylates with visible Initiators using an 
argon ion laser and photocrosslinking of pendant groups 
using He-Cd UV laser or a high pressure mercury vapor 
lamp. Thus, the X-Y layer in this embodiment may be 



polymerized by scanning with a visible light laser and a 
second scan with a UV laser can be used to modify the 
degree of crosslinking and to produce a tactile differ- 
ence. 



Claims 

1 - A method for producing a three-dimensional object, 
10 comprising the steps of: 

a. providing a film of a photohardenable com- 
position containing a photoresponsive agent, 

b. fomriing a cross-sectional pattern of said ob- 
ject by Irradiating said film in a pattern corre- 
sponding to the said cross-sectional pattern, 

c. repeating said steps a and b to form succes- 
sive adjacent cross-sectional patterns of said 
object, and 

20 d. integrating said cross-sectional patterns to- 

gether to provide said object, 

characterized in that the object formed has 
selected elements which are coloured differently 
25 from other elements of said object, the method fur- 
ther comprising an additional step of selectively ir- 
radiating one or more portions of said cross-sec- 
tional pattern corresponding to said selected ele- 
ments which are desired to be coloured differently 
30 with radiation which activates said photoresponsive 
agent, said photoresponsive agent thereby produc- 
ing colour in or removing colour from said selected 
irradiated portions of said cross-sectional pattern, 
said additional step being carried out in between 
3S steps a and c, said step c further comprising repeat- 
ing said additional step. 

2. A method according to Claim 1 , further character- 
ized in that said photoresponsive agent is a photob- 

40 leachable dye. 

3. A method according to Claim 1, further character- 
ized in that said photoresponsive agent is a colour 
precursor microencapsulated in a photodecompos- 

4S able wall forming polymer. 

4. A method according to Claim 1 , further character- 
ized in that said photoresponsive agent is a pho- 
tosof tenable microparticle containing a colour pre- 

50 cursor. 

5. A method according to any preceding claim, further 
characterized in that said photohardenable compo- 
sition contains a plurality of photoresponsive 

55 agents, each agent controlling the formation of a dif- 
ferent colour such that selected portions of said ob- 
jects may be coloured differently. 
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6. A method according to any preceding claim, further 
characterized in that said additional step is per- 
formed after said step b. 

7. A method according to any of Claims 1 to 5, further 
characterized in that said additional step is per- 
formed simultaneously with step b. 

8. A method according to Claim 7, further character- 
ized in that said photoresponsive agent is a photob- 
leachable photolnitiator. 

9. A method for producing a three-dimensional object, 
comprising the steps of: 

a. providing a film of a photohardenable com- 
position, 

b. forming a cross-sectional pattern of said ob- 
ject by irradiating said film in a pattern corre- 
sponding to the said cross-sectional pattem, 

c. repeating said steps a and b to form succes- 
sive adjacent cross-sectional patterns of said 
object, and 

d. integrating said cross-sectional patterns to- 
gether to provide said object, 

characterized in that the object formed has 
selected elements which are coloured differently 
from other elements of said object, the method fur- 
ther comprising an additional step of depositing a 
dye on one or more portions of said cross-sectional 
pattem corresponding to said selected elements 
wh ich are desired to be coloured differently, said ad- 
ditional step being carried out in between steps a 
and b or in between steps b and c, said step c further 
comprising repeating said additional step. 

10. A method according to Claim 9, further character- 
ized in that said dye is capable of reacting with said 
photohardenable composition to thereby immobi- 
lize said dye in said photohardenable composition. 

11. A method for producing a three-dimensional object, 
the method comprising the steps of: 

a. providing a film of a composition which is 
photohardenable, 

b. forming a cross-sectional pattern of said ob- 
ject by irradiating said film in a pattem corre- 
sponding to the said cross-sectional pattern, 

c. repeating said steps a and b to form succes- 
sive adjacent cross-sectional patterns of said 
object, and 

d. integrating said cross-sectional patterns to- 
gether to provide said object, 

characterized in that the object formed has 
selected elements which have tactile characteris- 



tics different from those of other elements of said 
object, the method further comprising an additional 
step of altering the tactile characteristics of one or 
mor portions of said formed cross-sectional pat- 
tern, which portion(s) correspond to said selected 
elements by irradiating said portion(s) with radiation 
to which a photoresponsive agent in said composi- 
tion is responsive to cause an alteration in tactile 
characteristics, said additional step being carried 
out in between steps a and c, said step c further 
comprising repeating said additional step. 



Patentanspruche 

IS 

1. Verfahren zur Herstellung eines dreidimensionalen 
Objektes, umfassend die folgenden Schritte: 

a. Bereitstellen eines Films aus einer fotohart- 
20 baren Zusammensetzung, die ein fotoempfind- 

tiches Mittel enthalt, 

b. Ausbilden einer Querschnittsstrukturdes ge- 
nannten Objektes durch Bestrahlen des ge- 
nannten Films in einer Struktur, diedergenann- 

25 ten Querschnittsstruktur entspricht, 

c. WIederholen der genannten Schritte a und b, 
um aufeinanderfolgende benachbarte Quer- 
schnittsstrukturen des genannten Objektes zu 
bilden, und 

30 d. Zusammenfugen der genannten Quer- 

schnittsstrukturen zu dem genannten Objekt, 

dadurch gekennzeichnet, daf? das ausgebil- 
dete Objekt ausgewahlte Elemente aufweist, die 

3S anders gefarbt sind als andere Elemente des ge- 
nannten Objektes, wobel das Verfahren ferner ei- 
nen zusatzlichen Schritt umfaBt, bei dem ein oder 
mehrere Teile der genannten Querschnittsstruktur, 
die den genannten ausgewahlten Elementen ent- 

40 sprechen, die anders gefarbt sein sollen, selektiv 
mit Strahlen bestrahit werden, die das genannte fo- 
toempfindliche Mittel aktlvieren, so dafJ das ge- 
nannte fotoempfindliche Mittel Farbe in den ge- 
nannten ausgewahlten bestrahlten Teilen der ge- 

^ nannten Querschnittsstruktur erzeugt oder daraus 
entfernt, wobei der genannte zusatzliche Schritt 
zwischen den Schrltten a und c durchgefuhrt wird, 
wobei der genannte Schritt c femer die Wiederho- 
lung des genannten zusatzlichen Schrittes umfaBt. 

so 

2. Verfahren nach Anspruch 1, ferner dadurch ge- 
kennzeichnet, da3 das genannte fotoempfindliche 
Mittel ein fotobleichbarer Farbstoff ist. 

55 3. Verfahren nach Anspruch 1 , ferner dadurch ge- 
kennzeichnet, daB das genannte fotoempfindliche 
Mittel in in einem fotozersetzbaren, wandbilden- 
den Polymer eingekapselter Farbvorlaufer ist. 
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4. Verfahren nach Anspruch 1, ferner dadurch ge- 
kennzeichnet, da3 das genannte fotoempfindliche 
Mittel ein fotoerweich barer Mikropartikel ist, der ei- 
nen Farbvorlaufer nthalt. 

5. Verfahren nach einem der vorherigen AnsprOche, 
ferner dadurch gekennzeichnet, daB die genannte 
fotohartbare Zusamtnensetzung eine Mehrzahl von 
fotoempfindlichen Mittein enthalt, wobei jedes Mit- 
tel fur die Bildung oiner anderen Farbe verantwort- 
lich ist, so da3 ausgewahlte Teile des genannten 
Objektes anders getarbt werden konnen. 

6. Verfahren nach einem der vorherigen Anspruche. 
ferner dadurch gekennzeichnet, da3 der genannte 
zusatzliche Schritt nach dem genannten Schritt b 
durchgefuhrt wird. 

7. Verfahren nach einem der Anspruche 1 bis 5, ferner 
dadurch gekennzeichnet, daB der genannte zusatz- 
liche Schritt glelchzeltig mit Schritt b durchgefQhrt 
wird. 

8. Verfahren nach Anspruch 7, ferner dadurch ge- 
kennzeichnet, daB das genannte fotoempfindlbhe 
Mittel ein fotobteich barer Fotolnitlator Ist. 

9. Verfahren zur Herstellung eines dreidimensionalen 
Objektes, umfassend die folgenden Schrltte: 

a. Bereitstellen eines Films aus einer totohart- 
baren Zusammensetzung, 

b. Ausbilden einer Querschnittsstruktur des ge- 
nannten Objektes durch Bestrahlen des ge- 
nannten Films in einer Struktur, die der genann- 
ten Querschnittsstruktur entspricht. 

c. Wiederholen der genannten Schrltte a und b. 
um aufeinanderfolgende benachbarte Quer- 
schnittsstrukturen des genannten Objektes 
auszubilden, und 

d. Zusammenfugen der genannten Quer- 
schnittsstrukturen zu dem genannten Objekt, 

dadurch gekennzeichnet, daB das ausgebil- 
dete Objekt ausgewahlte Elemente aufweist, die 
anders gefarbt sind als andere Elemente des ge- 
nannten Objektes, wobei das Verfahren ferner el- 
nen zusatzllchen Schritt umfaBt, bel dem auf ein en 
Oder mehrere Teile der genannten Querschnitts- 
struktur, die den genannten ausgewahften Elemen- 
ten entsprechen, die anders gefarbt werden sollen, 
ein Farbstoff aufgebracht wird. wobei der genannte 
zusatzliche Schritt zwischen den Schritten a und b 
Oder zwischen den Schritten b und c durchgefuhrt 
wird, wobei der genannte Schritt c die Wiederho- 
lung des genannten zusatzlichen Schrittes umfaBt. 

10. Verfahren nach Anspruch 9, ferner dadurch ge- 



kennz ichnet, daB der genannte Farbstoff mit der 
genannten fotohartbaren Zusammensetzung rea- 
gieren kann, um somit den genannten Farbstoff in 
der genannten fotohartbaren Zusammensetzung 
5 zu Immobilisleren. 

11. Verfahren zur Herstellung eines dreidimensionalen 
Objektes, wobei das Verfahren die folgenden 
Schritte umfaBt: 

10 

a. Bereitstellen eines Films aus einer Zusam- 
mensetzung, die fotohartbar ist, 

b. Ausbilden einer Querschnittsstruktur des ge- 
nannten Objektes durch Bestrahlen des ge- 
nannten Films In einer Struktur, die der genann- 
ten Querschnittsstruktur entspricht, 

c. Wiederholen der genannten Schritte a und b, 
um aufeinanderfolgende benachbarte Quer- 
schnittsstrukturen des genannten Objektes 

20 auszubilden, und 

d. ZusammenfQgen der genannten Quer- 
schnittsstrukturen zu dem genannten Objekt, 

dadurch gekennzeichnet, daB das ausgebil- 

2S dete Objekt ausgewahlte Elemente aufweist, die 
andere Tastmerkmale haben als andere Elemente 
des genannten Objektes, wobei das Verfahren fer- 
ner einen zusatzlichen Schritt umfaBt, wobei die 
Tastmerkmale von einem oder mehreren Teilen der 

30 genannten ausgebildeten Querschnittsstruktur ge- 
andert werden, wobei das/die Teil/e den genannten 
ausgewahlten Elementen entsprechen, indem das/ 
die genannte/n Teil/e mit Strahlen bestrahlt wird/ 
werden, auf die ein fotoempfindliches Mittel in der 

35 genannten Zusammensetzung anspricht, um eine 
Anderung der Tastmerkmale herbeizuf uhren, wobei 
der genannte zusatzliche Schritt zwischen den 
Schritten a und c durchgefuhrt wird, wobei der ge- 
nannte Schritt c ferner die Wiederholung des ge- 

40 nannten zusatzlichen Schr'rtts umfaBt. 



Revendications 

4S 1, Methode de production d'un objet tridimensionnel, 
comprenant les etapes de : 

a. mise en oeuvre d'un film d'une composition 
photodurcissable contenant un agent photo- 

50 sensible, 

b. formation d'un module en coupe transversa- 
le dudit objet par irradiation dudit film suivant 
un module correspondant audit module en cou- 
pe transversale, 

55 c. repetition desdites 6tapes a et b pour former 

des modules en coupe transversale adjacents 
successifs dudit objet. et 
d. integration mutuelle desdits modules en cou- 
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pe transversale pour fournir ledtt objet, 

caracterisee en ce que t'objet form^ a des 
ments selectionn^s qui sont color6s diff^remment 
des autres 6l6ments dudit objet, la mdthode com- 
prenant en outre une etape supplementaire d'irra- 
diatlon selective d'une ou plusieurs parties dudit 
modele en coupe transversale correspondant 
auxdits dl6ments selectionnes que Ton veut colorer 
diffdrennnnent avec un rayonnement qui active ledit 
agent photosenslble, ledit agent photosensible pro- 
duisant ainsi une couleur ou enlevant une couleur 
dans lesdites parties irradi^es choisies dudit modu- 
le en coupe transversale. iadite etape supplemen- 
taire etant mise en oeuvre entre les stapes a et c, 
Iadite etape c connprenant en outre la r6p6titlon de 
Iadite etape supplementaire. 

2. Methode selon la Revendication 1 , caracterisee en 
outre en ce que ledit agent photosensible est un co- 
lorant photodecolorable. 

3. Methode selon la Revendication 1 , caracterisee en 
outre en ce que ledit agent photosensible est un 
pr^curseur de couleur microencapsuld dans un po- 
lym^re formant une parol photoddcomposable. 

4. Methode selon la Revendication 1 , caracterisee en 
outre en ce que ledit agent photosensible est une 
microparticule photoramollissable contenant un 
prdcurseur de couleur. 

5. Methode selon I'une quelconque des revendica- 
tions precedentes, caracterisee en outre en ce que 
Iadite composition photodurcissable contient plu- 
sieurs agents photosensibles, chaque agent con- 
trolant la formation d'une couleur differente de telle 
sorte que des parties selectionnees desdits objets 
peuvent etre colorees differemment. 

6. Methode selon I'une quelconque des revendica- 
tions pr6c6dentes, caracterisee en outre en ce que 
Iadite etape supplementaire est mise en oeuvre 
apres Iadite etape b. 

7. M6thode selon Tune quelconque des Revendica- 
tions 1 k 5, caracterisee en outre en ce que Iadite 
etape supplementaire est mise en oeuvre en meme 
temps que I'etape b. 

8. Methode selon la Revendication 7, caracterisee en 
outre en ce que ledit agent photosensible est un 
photoamorceur photodecolorable. 

9. Methode de production d'un objet tridimensionnel, 
comprenant les etapes de : 

a. mise en oeuvre d'un film d*une composition 



photodurcissable, 

b. formation d'un module en coupe transversa- 
le dudit objet par irradiation dudit film suivant 
un modeie correspondant audit module n cou- 

s pe transversale, 

c. repetition desdites etapes a et b pour former 
des model es en coupe transversale adjacents 
successifs dudit objet, et 

d. integration mutuelle desdits modules en cou- 
10 pe transversale pour fournir ledit objet, 

caracterisee en ce que I'objet forme a des ele- 
ments selectionnes qui sont colores differemment 
des autres elements dudit objet, la methode com- 

is prenant en outre une etape supplementaire de de- 
pot d'un colorant sur une ou plusieurs parties dudit 
modele en coupe transversale correspondant 
auxdits elements selectionnes que Ton veut colorer 
differemment, Iadite etape supplementaire etant mi- 

20 se en oeuvre entre les etapes a et b ou entre les 
etapes b et c, Iadite etape c comprenant en outre la 
repetition de Iadite etape supplementaire. 

10. Methode selon la Revendication 9, caracterisee en 
25 outre en ce que ledit colorant est capable de reagtr 
avec Iadite composition photodurcissable pour im- 
mobillser ainsi ledit colorant dans Iadite composi- 
tion photodurcissable. 

30 11. Methode de production d'un objet tridimensionnel, 
la methode comprenant les etapes de : 

a. mise en oeuvre d'un film d'une composition 
qui est photodurcissable, 
3S b. formation d'un modeie en coupe transversa- 

le dudit objet par irradiation dudit film suivant 
un modele correspondant audit modele en cou- 
pe transversale, 

c. repetition desdites etapes a et b pour former 
^0 des modeles en coupe transversale adjacents 

successifs dudit objet, et 

d. integration mutuelle desdits modeles en cou- 
pe transversale pour fournir ledit objet, 

4S caracterisee en ce que I'objet forme a des ele- 

ments selectionnes qui ont des caracteristiques 
tactlles diff erentes de celles d'autres elements dudit 
objet, la methode comprenant en outre une etape 
supplementaire de modification des caracteristi- 

50 ques tactiles d'une ou plusieurs parties dudit modu- 
le en coupe transversale forme, la ou lesdites par- 
ties correspondant auxdits elements selectionnes, 
par irradiation de la ou desdites parties avec un 
rayonnement auquel un agent photosensible con- 

55 tenu dans Iadite composition est sensible pour pro- 
voquer une modification des caracteristiques tacti- 
les, Iadite etape supplementaire etant mise en 
oeuvre entre les etapes a et c, Iadite etape c com- 
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prenant en outre la repetition de ladite 6tape sup- 
plementaire. 
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